We compare serum proteins from rainbow trout, chinook salmon, coho salmon, and oyster toadfish with Intrinsic factor as binding proteins in a simplified radioassay for B12. Regression analysis of B12values, determined in 21 serum samples, shows good correlation (r> .975) between resuits for the fish sera and intrinsic factor. The accuracy of the five assays, as evaluated by analytical recovery of B12 added to pooled human serum, ranges from 90 to 110%. Intra-assay precision ranges from 2.6% for coho salmon serum to 5.5% for intrinsic factor. Ionic strength and variations in pH influence binding of [5TCo]vit B12to the fish sera. Maximum binding occurs from pH 6 to 10 at an ionic strength of 0.1 for all sera. The sera are stable for longer than two years when stored at -20 #{176}C. Important advantages of fish sera are their high binding capacity (typical assay dilutions range from 1500-fold for trout serum to more than 50 000-fold for chinook salmon); high affinity for B12(K> 1012 liter/mol); their relative constant binding characteristics as compared to commercial intrinsic factor preparations; and the finding that the accuracy of radioassays with use of fish sera is not significantly affected by the amount of B12 or human serum proteins present.
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AddItIonal Keyphrases: intrinsic factor compared . unsaturated vitamin B12 binding capacity
In a recent paper (1) we reported our experience with a B12 radioassay in which oyster toadfish (Opsanus tau) serum is used, as a binder. Additional studies showed that a variety of fish sera could be used in the radioassay of B12. Here, we compare intrinsic factor with chinook salmon (Oncorhynchus tschawytascha) serum, coho salmon (Oncorhynchus kisutch) serum, rainbow trout (Salmon gairdneri) serum, and oyster toadfish serum as binding proteins in the radioassay for B12.The assay procedure has been significantly simplified from that previously reported (1). Basicbuffer was made daily by mixing 50 ml of glycine buffer (0.5 mol/liter, pH 9.5) with 10 ml of intrinsic factor solution (400 pg/liter) or the respective fish sera diluted as indicated in ml of the basic buffer and incubate the solution for 60 mm. Separate the free B12 from the bound by adding 0.2 ml of charcoal/human serum albumin suspension. Incubate the mixture for 15 mm and centrifuge for 10 mm at 3000 rcf.' Measure the radioactivity of the supernatant solution until 10 000 counts are accumulated for the total activity tubes. Include in the assay a charcoal-blank sample containing all of the reagents except binding protein. Subtract its counts from the counts for the supernate.
Materials and Methods

Reagents
The blank should always contain less than 1% of the total activity.
Standard curve. Plot B/B0 vs. concentration of unlabeled B12 standards on logit-log paper and draw the best straight line. The concentration of B12 in serum samples is determined from this curve. We performed the curve fitting and B12 determinations by computer
(1).
Results and Discussion
Vitamin B12 binding substances in the serum of several species have been studied by several investigators (2, 3) . Their results showed that the unsaturated B12 binding capacity of serum varied widely, ranging from very low in human to very high in pink salmon (Oncorhynchus gorbuscha). The reason for this heterogeneity in binding capacity is not known.
Our objective was to investigate sera from different species of fish as potential binders in B12radioassays. Table 1 shows that dilution of serum for each species studied which bound about 50% of 25 pg [57Co]vit B12. The same table shows that the total protein concentration in a serum does not correspond to binding capacity for B12. For example, rainbow-trout serum containing 92 g of total proteins per liter had a low binding capacity (1500-fold dilution). However, sockeye-salmon serum, which contains only 55 g of serum proteins per liter, had a high binding capacity (16 000-fold dilution). were estimated spectrophotometrically on sera diluted 100-fold with saline using the relationship 1 absorbance unit at 280 nm = 1.5 g of protein per liter. Within species, sera from individual fish may contain different concentrations of proteins, but in these instances sera containing high concentrations of proteins bound correspondingly larger quantities of B12 (1) .
In all sera studied, an incubation of at least 60 mm was needed for 25 pg of [57Co]vit B12 to reach equilibrium. The apparent affinity constants, K, of B12 for the fish sera in Table 1 were found to be similar for all species, on the order of 1012 liter/mol, as calculated from Scatchard plots of corresponding radioassay data. The latter finding indicates that although the binding capicity of sera for B12 varies widely among species, their proteins have a common high binding affinity for B12. The B12 binding capacity of the fish sera was not significantly affected by the amount of B12 present or by the presence of denatured human serum proteins (1). The sera were found to be stable for more than two years when stored at -20 #{176}C. B12 was irreversibly bound to fish sera. No replacement of bound [57Co]vit B12 was observed after the addition of 250 ng of B12 and 72-h incubation at22 #{176}C.
B12 radioassays performd by using 0.2 ml of diluted fish sera (Table 1) as binding proteins, measured similar quantities of B12 in samples of human pooled serum.
The measured values ranged from 580 to 625 ng/liter.
Thus we found that the fish sera listed in Table 1 behaved similarly when used as binders in B12 radioassays. Sera from four species of fish were chosen from the list in Table 1 for a more detailed study of their binding characteristics and to compare their performance with intrinsic factor in the radioassay of B12. Rainbow trout, oyster toadfish, coho salmon, and chinook salmon sera were selected on the basis of availability of the serum and differences in B12 binding capacities. Figure 1 shows typical dilution curves for these fish sera under the conditions of the assay. Figure 2 shows the percentage of 25 pg of [57Co]vit B12 bound to fish sera or intrinsic factor as a function of pH during the incubation. In this study, we used 2 ml of various buffer solutions2 of the same ionic strength, I = 0.1, and pH values ranging from 2 toll. Total ionic strength of the assay solution during incubation was I = 0.06. Under these conditions, 2 binding of [57Co]vit B12 to rainbow trout, coho salmon, and chinook salmon sera was greatest over a pH range of 6 to 9; to oyster toadfish from pH 7 to 10; and to intrinsic factor from pH 5 to 10. Binding was negligible for the fish sera below pH 4. It was interesting to note that intrinsic factor exhibited less than optimum binding for
Analytical Variables
Effect of pH on the binding of [57CoIvit B12 to fish sera and intrinsic factor.
[57Co]vit B12 at pH values of less than 3, since several radioassays in which intrinsic factor is used operate in a pH range of from 1 to 3 (4, 5) . Figure 3 shows the percentage of 25 pg of [57Co]vit B12 bound to fish sera or intrinsic factor at pH 4 and 8 as a function of ionic strength. In this study the total ionic strength of the assay during incubation was increased from 0.06 to 3.2 by adding NaC1.3 We chose to study the effect of ionic strength on binding at these pH values because negligible and optimum binding of [57Co]vit B12 was seen at pH 4 and 8, respectively, with a constant assay ionic strength of I = 0.06 (Figure 2) .
Effect of ionic strength on the binding of [57Co]uit B12 to fish sera and intrinsic factor.
At pH 8, ionic strength did not significantly affect the binding of [57Co}vit B12 to the fish sera or intrinsic factor.
At pH 4 we found increased binding of [57Co]vit B12 to all fish sera except oyster toadfish as the buffer ionic strength was increased to I = 0.8. Binding did not vary significantly over an assay ionic strength range of I = 0.8-1.6. It decreased beyond I = 1.6. The binding of 
Effect of temperature on the binding of [57CoJvit B12
to fish sera and intrinsic factor. Solutions of intrinsic factor, 400 gfiiter, and serum from rainbow trout, oyster toadfish, coho salmon, and chinook salmon, diluted as indicated in Table 1 , were incubated for 90 h at 50 #{176}C. At specific times, 0.2-mi aliquots were examined for their capacity to bind 25 pg of [57Co]vit B12. Figure 4 shows the relative stability of the fish sera and intrinsic factor. Sera from oyster toadfish, chinook salmon, and coho salmon suffered little loss of binding capacity during 48 h. However, rainbow trout serum and intrinsic factor began losing binding capacity within an hour and retained only 20% at 48 h. Radioassays utilizing fish sera or intrinsic factor as B12 binding proteins. The B12 in 21 serum samples was determined from radioassays in which one of the four fish sera or intrinsic factor was used as B12 binder. The radioassays were performed in duplicate according to the Assay Protocol. Table 2 shows the average individual value determined for each serum sample in each respective radioassay. The results obtained on using Acetate buffer pH 4 and barbital buffer pH 8 were used for this study.Totalionicstrength oftheassay solutions was 0.06. This was increased to0.1,0.2,0.4,0.8, 1.6, and 3.2by theaddition of0.04, 0.14, 0.34, 0.74, 1.54, or 3.14mol of NaC1 per liter. each fish serum were compared with B12 values obtained on using intrinsic factor. Figure 5 shows a computer printout of regression analysis curves of the data in Table 2 before averaging the duplicate values. B12 values we determined using the fish sera had a high correlation (r > .975) with those measured using intrinsic factor. However, paired t -test statistics of the data in Table 2 showed that the B12 values determined using sera from rainbow trout, coho salmon, and oyster toadfish were significantly higher at the 95% confidence level than those measured using intrinsic factor. B12 values determined with use of chinook salmon serum were not statistically different. The accuracy of each of the radioassays was evaluated by determining the analytical recovery of added B12 in serum samples as indicated in Table 3 . The recovery was good, ranging from 90 to 110%.
The intra-assay coefficient of variation, calculated from duplicate measurements on the 21 serum samples, was as follows: intrinsic factor, 5.5%; chinook salmon, 5.1%; coho salmon, 2.6%; oyster toadfish, 2.7%; and rainbow trout, 2.7%.
In summary, we have shown that sera taken from a variety of species of fish can be used as a binding protein in the radioassay of B12. We found good correlation between serum B12 values measured with use of sera and those obtained with use of intrinsic factor. Advantages of the use of fish sera are their high affinity for B12, their high binding capacity (especially coho and chinook salmon), in general their excellent stability, and, in our experience, the lack of need for further purification of the sera.
